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NCBI Primer-BLAST

An online tool for designing target-specific PCR primer pairs (with internal probes)
https://lwww.ncbi.nlm.nih.gov/tools/primer-blast/

National Center for Biotechnology Information « National Library of Medicine « National Institutes of Health » Department of Health and Human Services

Scope and Access

Primer-BLAST [1] is a PCR primer design and specificity checking tool from NCBI. It first scans the data-
base to identify unique regions in the supplied template, picks primers from these regions using the Pri-
mer3 algorithm [2], and screens the returned primer sets using BLAST [3] to evaluate their specificity to the
input template. It presents candidate primers along with their alignment to identified target sequences in
the database. Primer-BLAST is a web only application accessible through the “Specialized BLAST” section E:}

of the BLAST homepage (blast.ncbi.nim.nih.gov/) or directly through the Primer-BLAST search form at

www.ncbi.nlm.nih.gov/tools/primer-blast/.

Accepted Inputs

The Primer-BLAST search page (right
& below) contains multiple sections.
The “PCR Template” (A) takes your
input template, for which you can limit
where the forward and reverse pri-
mers has to be picked up from (B).
With a valid template, Primer-BLAST
will find a set of primer pairs optimal
for PCR amplification. The “Primer
Parameter” accepts different combina-
tions of primer input (C), such as a
primer pair with its template, a tem-
plate with a single primer, and a pair
of primers alone. With specificity
check option selected (default), Primer
-BLAST will screen primer pairs for
their specificities and report any po-
tential off-target annealing. With a sin-
gle primer input, Primer-BLAST finds
candidate primers working with the
input template and primer. For primer
pairs only input, Primer-BLAST finds
the amplification target in selected
organism and return the primer tem-
plate alignments. With a RefSeq
mRNA accession as an input tem-

plate, Primer-BLAST can take exon junctions into consideration when finding
optimal primer pairs, through the intron inclusion option (D) in the “Exon/intron
selection” section. More information on the parameter is available in the popup
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mRNA-genomic DNA alignment from
NCBI. This makes it easy to distinguish
between amplification from mRNA
and genomic DNA as the product
from the latter is longer due to pres-
ence of an intron.
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(E) activated through the question mark click.

The “Primer Specificity Checking Pa-
rameters” section (F) provides data-

bases and organism limit selection (G).

To increase the chance of finding spe-
cific primers, check the splice variant
option (H). Change the database to
“Custom” (I) option to upload a custom
set of sequences (accessions or FAS-
TA) for use as the specificity checking
database.

The newly introduced “Primers com-
mon for a group sequences” tab (J)
has the same setup, but the template
input box takes a group of similar se-
quences as input and designs PCR
primers that amplify all the input tem-
plates.
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Primer-BLAST: target-specific PCR primer design

Advanced Parameters for Primer-BLAST

Clicking the “Advanced Parameters” link (A) toggles on infrequently adjusted parameters. Parameters in the “Primer Pair
Specificity Checking Parameters” (B) specify the exhaustiveness of specificity checking and how many results to display.
The “Primer Parameters” (C) specify the Tm of the product, and specific properties of the returned primers pairs. In favor
of search speed, Primer-BLAST does not use thermodynamic alignment features (D) by default. Settings in buffer condi-
tion can greatly affect the primer Tm calculation and you can adjust them here (E). Check the checkbox (F) to instruct
Primer-BLAST to take SNPs mapped to template into consideration during primer picking. This onIy works for human

sequence when RefSeq accession is the input template. L Ve p——— A
Advanced parameters
Primer Parameters Primer Pair Specificity Checking Parameters
Min opt Max Ee?]xugll'l]{r:"ets)er of Blast target 50000 , @
PCR Product Tm | | | | | | Blast expect (E) value [J[][][J @
Primer Size |':|5" | |§Um | |;|5ax | Blast word size @
M i irs t .
— — ax primer pairs to screen @
Primer GC content (%) 200 | [so0 ] 31:;;3 . r?; 'ﬁ;&s:,{i’:e{g @
GC clamp @ Max targets to show (for pre- _ .
@ designed primers) 1000 @
Max Poly-X (%] Max targets per sequence ©
Max 3" Stability EI ©
Max GC in primer 3" end =)
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TH: Max Pair |45_[] | |35_[] |(F0r thermodynamic alignment madel only) by defaUIt- allows Primer-
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parameters
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SNP handling [J Primer binding site may not contain known SNP (@)
Ropoat fiter o

Avoid repeat region for primer selection by filtering with repeat datpbase

)

Primer-BLAST

Low complexity filter Avoid low complexity region for primer selection &

Submitting a Search

Click the “Get Primers” button (1) to submit the
search. The browser tracks the progress of the
submitted job via an intermediate polling page
(J) and displays the result when it becomes

A tool for finding specific primers

Making primers specific to your PCR template. more...

c . : Status Running Check Cancel
available. You can manually check it by using Current time 26 December 2020, 16:59:12
the “Check” link (K) Time since submission 30 sec

Progress Message
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Primer-BLAST Results: the Graphical Summary

The Primer-BLAST displays results by breaking them into the search summary, the “Graphical view of primer pairs”, and
a “Detail primer reports” sections.

The summary section reiterates the template (A) and provides a “Search Summary” link with

. g . . . iy . Search parameters and other details
detailed statistics of the search (B). The informational message (C) provides additional details |u,mber of siast hits analyzed| 338307
on the primers returned, with a link to online document with tips. Entrez query

Min total mismatches 2
P . BLAST . Min 3' end mismatches 2
rimer- > JOB ID:0DLnRzZPMPmMQZWjtfNj8fbUwkDIShNXVCYA Defined 3' end region length | 5
Mi tch t hold to i
A Primer-BLAST Results & ta‘f;:; nreshold toignore | g
Input PCR templ -VNM 000410.4 Homo sapiens homeostatic iron regulator (HFE), transcript variant 1, mRNA Max target size 4000
Range 1-5176 Max number of Blast target | 000
Specificity of prime Primers may not be specific to the input PCR template as targets were found in selected database:Refseq mRNA sequences
I_P\Organism limited to Homo sapiens)...help on specific primers I_\ Blast E value 30000
Other repo & Search Summary | B ) EEET o S 7
@ H H H H Max candidate primer pairs 500
Graphical view of primer pairs iy 2
Max PCR product size 1000
£ NM_0004103 ~ | Find: x| Q| Q[ @ A T A Tools~ || Tracks » | @ 7 Min Primer size 15
{:2) 1K 1,560 2 K 2,506 2 K 2,568 4 K |¢ Configure Tracks ‘ Opt Primer size 20
| - I [ Max Primer size 25
Genes Configure Track Hpibs Min Tm 57
HFE Opt Tm 60
B exon BEEEE exon > > > exon » ) >
B oo B Max Tm difference S]
|—| exon I Repeat filter AUTO
() Erili\E)airs for job ODLNRzPMPMQZW]tfNj8fbUwkD1OhNRV.. < Low complexity filter Yes
Primer 1
 —
H F L 2| Primer 2
Details Configure Page X
Primer Forward: 41..60 length 20 Tm 59.17 GC 55.00% Seq TTACTGGGCATCTCCTGAGC
B— Reverse: 604..623 length 20 Tm 59.96 GC 55.00% Seq AATCCAGTGTGTCAGGGCAG
b PCR product length: 583 Tracks | Custom Data
Priner &
p— | Links & Tools £ i Active  Track name
briner 7 BLAST nr: NM_000410.3 (41..623) = basius el . .
- BLAST to Genome: NM_000410.3 (41..623) r -
b - FASTA record: NM_000410.3 (41..623) «, Search Tracks Live RefSNPs, dbSNP 154 v2
Priner 8 GenBank record: NM_000410.3 (41..623) -
A ~ Variation [ Mis Variations, dbSNP b154 v2
@ set New Marker At Position e [l fe Variations (MAF < 0.01), dbSNP b154 v2
Frimer 18
B 4 ) B [] / stop Gain or Loss Variations, dbSNP b154 v2
| [s68 LK |1.590 [.g) SetSequence Origin At Position Genes/Products
= Synonymous Variations, dbSNP b154 v2 -
4k Flip Sequence Strands = -
@, zoomin Track Settings: Cited Variations, dbSNP b154 v2 Track legend ¥
Uploaded Dal
@, Zoom Out dbSNP 2.0 Build 154 v2 all data based on Homo sapiens
aTc Zoom To Sequence
2152 | |Zoom On R Rendering options: Show variants for 50 or less
%% Zoom On Range
¥ BLAST and Primer Search 3 : ——————
y Remove track(s) | Configure ‘ Reset tracks Cancel
[& pownioad b,
£¥ configure tracks
9 S NM_0004103 - | Find: ¥ QD Q —

With RefSeq accession (NM_000410.3 in this case) as template,
the “Graphical view of primer pairs” section provides much more
oreooieons = 12| d€taIlEd information:

e A clear overview of the results in the context of the target se-

4= 0 rs774186188

Variation ID: rs774185188 quence’s annotation, showing the exon boundaries of the tem-
Variation Tvbe: Sy oot plate plus its protein product (D)

[ Genomic lecations]

GCF 00000140538 NC 00000612 @ 26091418 e Candidate primer pairs with their predicted products (E)
GCF_000001405.25: NC 000006.11 @ 20001047 X5 e Properties of a specific primer pair, viewable in the popup (F)

[Links & Tools]
SNP summary: 5774186188 upon mouse hovering

E F C
(U) Primer pairs for joBb J1zZ5XOPWOIGMRDTBNIETCUWGDKFHRRV.. [ . . . .
% |* Sequence-level details of the annealing sites through the right

-click menu’s “Zoom to Sequence” option (G)

e The relationship of suggested primers with other features,
such as SNPs mapped to the template, through the “Configure
page” dialog box (H) activated by clicking the “Tracks” button
o Additional feature details, viewable in the popup (I) upon
mouse hovering
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Primer-BLAST Results: Primer Pairs and Their Alignment to Targets

- Detailed ori rt The “Detailed Primer Reports” sec-
D T tion (left) contains the details for

‘You can re-search for specific primers by accepting some of the unintended targets, check the box(es) next to the ones you accept and try again to re-search for spe| retu rned pr| mer pa| Is. Each pr| mer

iy primers SRR © — pair is in its own subsection (A),

Primer pair 1 (A which lists basic primer properties
) Sequence (5'->3") Template strand Length Start Stop Tm GC% Self complementarity Self 3' complementarity]| along W|th alignments to their in_

Forward primer TGATCATGAGAGTCGCCGTG Plus 20 195 214 59.80 55.00 6.00 1.00 .
Reverse primer ACAGCCAAGGTTATCCAGCC Minus 20 827 808 60.03 55.00 4.00 1.00 tended target Allgnments to pOten-
Product length 633 tially unintended targets (B) are at
Total intron size 1304 (between pos. 8824 and 10405 on NG_008720.2) the end Of the Subsection .
Products on intended targets
>NM_000410.4 Homo sapiens homeostatic iron regulator (HFE), transcript variant 1, mRNA In thIS example the firSt primer pair
product lquth = 633 ’ . .
Teminte 55 e 2 for human HFE gene transcript vari-
Reverse primer 1  ACAGCCAAGGTTATCCAGCC 20 ant 1 (NM_000410) alSO amp“fy
Tenplate LB RN fo8 other variants, such as variant 6 (C).
Products on potentially unintended templates B A“gnments (Wlth mlsmatCheS) to a

() >NM_139006.3 Homo sapiens homeostatic iron regulator (HFE), transcript variant 6, mRNA trUIy Un.lnttended Itargit S I N?Dg)ene
ranscripts are also shown .

product length = 591
Forward primer 1 TGATCATGAGAGTCGCCGTG 20

Template L 214
Reverse primer 1 ACAGCCAAGGTTATCCAGCC 20
Template £ T 766

[J >NM_015477.3 Homo sapiens SIN3 transcription regulator family member A (SIN3A), transcript variant 2, mRNA @

product length = 3203
Reverse primer 1 ACAGCCAAGGTTATCCAGCC 20
Template 3865 ...CT.C..C........A. 3846

B Reverse primer 1 ACAGCCAAGGTTATCCAGCC 20
Template 663 .G..T..T.C.C........ 682

arity

More on “User guided” Mode and “Custom” Database

The”sear(_:h form’s “Primer“Pair Spgcifi(?,ity Checking Parame- [T primer pair Specificity Checking Paramsters
ters SeCtlon prOVIdeS the . User gl'“ded (E) mOde to a”OW Specificity check ¥ Enable search for primer pairs specific to the intended PCR template @
Primer-BLAST to distinguish between the intended template | search mode Userguided  » @
and other targets that are highly similar to it (such as other Database lﬂomat E ar
. . . . ser gul
t(anscrlpt variants from the same gene) upon the job submis- | organism e us,guidame N |
sSion (F) Enter an orﬁamsm‘ nanfwe (or;l:rrgamsm g_rou? name such as entercbacteriaceae, rodents),
taxonomy id or select from the suggestion list as you type. @)
. NCBI/ Primer-BLAST: Finding primers specific to your PCR template (using Primer3 and BLAST).
SeleCtlng CUStom database (G) a”OWS you to Input PCR p NM 000249.3 Homo sapiens mutl homoelog 1 (MLH1), transcript variant 1, mRNA
provide custom dataset for specificity checking. Range  1-2662
SyStem ConStraintS ||m|t the Size Of Sequence Your PCR template is highly similar to the following sequence(s) from the search database. To increase the chance
files to 300 MB. For sequences already deposit— of finding specific primers, please review the list below and select all sequences (within the given sequence ranges)
" that are intended or allowed targets
ed in the NCBI Nucleotide database, you can Select: All None Selected:0
use their accessions to specify a larger custom Accession Title Identity Alignment length | Seq. start| Seq.stop
dataset. CXM_005265164.1 f;?fgﬁﬁgngﬁ";(‘;s;‘gﬂ: mutl nomolog 1 (ML), gq 50, 299 <E| 1 2615
| [ show resuits in a new window
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Technical Assistance
Please send you feedback, questions and bug reports to blast-help@ncbi.nlm.nih.gov
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